Cancer has become one of the principal causes of death in developed countries. Liver neoplasms are very aggressive and current therapeutic options for primary or secondary tumors affecting the liver include (but are not limited to) surgery, chemotherapy and radiotherapy. Despite considerable advances in the detection and treatment of liver cancers, a high percentage of patients still does not respond to therapy. Recently, immunotherapy has emerged as a promising approach against various types of cancer, either as a standalone intervention or combined with the aforementioned regimens. Immunotherapy relies on the capacity of the immune system to recognize and destroy cancer cells. However, malignant cells, jointly with stromal cells, can modulate the immune system and promote the development of an immunosuppressive milieu that counteracts immune responses. 1 In this sense, the administration of immunomodulating monoclonal antibodies 2 or cytokines (e.g., interleukin-12, IL-12) 3 patients to immunotherapy are limited, mostly due to the strong immunosuppressive microenvironment established within tumors and/or to a weak activation of immune effector cells, resulting in therapeutic failure. We reasoned that by performing an in-depth analysis of the immune responses that are elicited in the context of anticancer immunotherapy, we could design more potent immunotherapeutic regimens. To this aim, we focused the immunological differences between animals that responded and those that did not respond to anticancer immunotherapy. The fact that we observed significant differences in these two groups raised a "chicken or the egg" dilemma: Did responding animals have a different immunological profile before treatment that helped them to respond better, or did they develop a different immunological profile as a result of immunotherapy? Our experimental approach relied on the administration of a Semliki Forest virus-based vector expressing IL-12 (SFV-IL-12) 4 into MC38 colon adenocarcinomas implanted in the liver of immunocompetent mice, a model commonly employed as a surrogate for secondary liver neoplasms. We had previously shown that SFV-IL-12 is very efficient in eliciting antitumor responses in different cancer models. 5 Several reasons may account for its high efficacy, including (1) high expression levels of IL-12 within the tumor, (2) the death of infected cancer cells, allowing for the release of tumorassociated antigens that be taken up and cross-presented by antigen-presenting cells, 6 and (3) the induction of Type I interferon (IFN) responses through the activation of pattern recognition receptors, which robustly sustain the activation of the immune system. 7 Of note, the transient nature of this vector limits the toxicity associated with the expression of IL-12.
We first observed that orthotopic liver tumors were significantly more resistant to SFV-IL-12 than the same tumors implanted subcutaneously (48% vs. 92% complete remissions). 8 These data indicate that the tissue surrounding malignant cells may have a profound influence on the outcome of immunotherapy, a notion that should be taken into attentive consideration for the design of preclinical studies on cancer.
By comparing the animals that responded to SFV-IL-12 with those that did not, we were able to define important Do cancer patients responding to immunotherapy have immunological profiles that influence the therapeutic outcome, or do they develop efficient antitumor responses only upon immunotherapy? we came across this "chicken or the egg" dilemma when treating secondary liver tumors with semliki Forest viruses expressing interleukin-12. In our system, the "egg," that is, the pre-treatment immunological profile, seemed to make the difference. the properties of an effective antitumor response were also defined. treatment, they might also be used to predict the outcome of therapy.
The speed at which antitumor immune responses are induced was not the only factor that determined the outcome of immunotherapy. We observed that tumorspecific CD8 + T cells from responding mice exhibited higher avidity for tumorassociated antigens and were more prone to infiltrate neoplastic lesions than those of non-responders. In addition, responders were able to maintain high levels of tumor-specific CD8 + T cells with enhanced effector functions for prolonged periods. Interestingly, tumor-infiltrating CD8 + T cells from mice responding to therapy overexpressed the IL-15 receptor profile of patients at baseline, at least theoretically allowing for the pre-selection of patients with the highest probability to respond.
Why did mice with a high antitumor CD8 + T-cell/MDSC ratio at baseline best respond to treatment? According to our study, after treatment, tumor-specific CD8 + T cells from responders acquired an effector-like phenotype, defined by the loss of CD62L, earlier than those of non-responders. This phenomenon may reflect the importance of establishing a potent effector antitumor response before tumor progression becomes unstoppable. On the other hand, since these changes were observed as early as four days after clues to determined therapeutic outcomes (Fig. 1) . 8 Interestingly, we observed that responders presented a higher number of tumor-specific CD8 + T-cells and a lower percentage of (Ly6C + CD11b + ) monocytic myeloid-derived suppressor cells (MDSCs) in the peripheral blood before treatment than non-responders, suggesting that animals with a high antitumor CD8 + T-cell/MDSC ratio at baseline might be prone to respond more efficiently to SFV-IL-12 therapy. Therefore, in this experimental setting the "egg" seems to come before the "chicken." This is quite interesting because it implies that the success of immunotherapy can be predicted based on the immunological promote sustained CD8 + T-cell responses is by providing IL-15. In our particular case, this cytokine seems to be an optimal choice, since the overexpression of its receptor by CD8 + T-cells was associated with better therapeutic responses. In fact, preliminary results obtained by our group indicate that IL-15 is able to potentiate α subunit (IL-15Rα), which may account, at least in part, for the sustained immune response observed in these animals. 9 Overall, our findings suggest that the induction of an early and robust CD8 + T-cell response that persist for a long time is required for the antineoplastic effects of SFV-IL-12. A possible way to the antitumor potential of SFV-IL-12, increasing the proportion of animals that completely reject neoplastic lesions and survive.
